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R — R co^ilirLTfi, _h3z6<Z)R — R irlKl#(D^<D^tf 3r^T*#. R — R 

53 58 1 6 59 68 

7 16 

[0060] 5£(10) - (12) tfJ<DR-C^$ttS»^^f*x ^^>-RtJ«7^/^^^>fk^5 

[0061] ±fB^(io)^i-^^te, m=i©i^, ^y^om^^/v^Hm^ 

[0062] *mw<Dfc¥BC!fc&m&yt^xy L M^ KKf£Zfc^n&&mm*$r£&is 

[0063] We^l^^hn/^^ir^^^-cD^ 
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[0064] ^W^ftWfcS 6 *©^ iS^^k^^L^VX^r^^^^^^tPiM 
[0065] ^0j!^^ffl^^»^^^b^^^tp?M^i:bT^, Alq ^(^« 

3 

&x%z> 0 

[0066] ^BJ^^ffl^^S^S^^k^^^tP^^^LT^, _hfB^^^ 

mi*. tfyTSFscsmmft. m*-?$*-mmfo, mr^^mmw-. 
v^mmfotzif&mtfbtiZo ^h&&&^^mm&<Dtfv^-t^x^ 

/V, T^h^i?^ 7^^hl/^, ?V±>, t°U v 5 

>% t^vv, 3vy>\ ^yar/y>\ ryy :7m^bny^ t o n~-/K 

^h^u-y— /v, ^-df-ih^ry— /v, fT^ry- /k hyry— /k ^y/t 
df-i^y— /k ^yyt^t^T/-^, ^y/f7^T/-;v, -^ybyry— /k 
^^y^^y^>-^^\Mm*fc«#mm»hyy^^T5^#^^-r^^y^— 
i^-e&shyy^/^r^ N-^-^/K/^-yH-N-v^^/vT^ n, n' 

-4, 4'-v ; T5>'^^^*K^b/c^y^-^ V >Tt J;V \ 

[0067] ^mm<Dm%mit^mnt^ w^it^mt<Du^m\z.^\^x, w^it^m 
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[0068] ^K^3feffl^^®ir, mfWk&to£<om&m\z*3^x, w^it^m 
[oo69] ^mm^mytmit^mb, w^i^mmiM^i^mb(Dm^m\z.^ 

fe^Hftaf^UTO. U5^5O%^S0*b<xO. 5^30%^$£>^#mX, 2 
[0070] *^Wl!i*5V^W:, ^IS^<D|S^ffl>fb^«Sr±IE©#^fc5V>tt^# 

Ik^mWbtfy^— k<Dm^i>*bteZj&W<D^i'?hvA^tt:sx#^<D— tit 

mm-i. *S#fFlf!4, 539, 507-^-*3j;^a#fF^5, 151, 629-^tC|B*$n 
<^IHWO^90/ / 13148^7t«^'J>l1#f^^^0 443 861#t!l|B«$tbTV ^ 

o 

[0072] rtLibteiis, mm<D^tj:<thi^mmxh^y—v (mm) try— h* mm) 

t>(D-efe§ 0 ^y-KfffliLT!*, $JxJ3\ Li, Ca, Mg, Al, In, Cs N Ba, Mg/Ag 
, LiF, CsF&^<D&M*fc{2^M^&^&5©tf s 0*L-V> o TV— KfcL-TH:, Sif5 
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[0073] ^mm(Dm^mt^mw^^^hti/v^±>^m^(Dmytmn^t^xmmir 
ic^(D^m. mz.tt. mmammmm. m^-^mmm, ^y?y>?m, -r 

Dftmmjjm*, mn, -2o-+5oo°c<d?&s$sh^ 0*u<t*io— 200^, mz. 

mm. %mmk. ^yb^-bKx^mmMm^bxmmi-^bmx^o 
mwz\z.^^ti%mwibi,x, ?nu^;vM^ mt^^>, ^pp^y, Th^tr 

P77^, W^>, Ji^-i'is^ r^y— /K Ti?h>\ ^/v^/Vryz/, 

g^^/K mmy^, ^;v^uy;vy*T^—vm%m^~b&x^z> 0 

[0074] *mW<D4k¥BJ&&ft5my£i/xTJ*t3:, ^/i^-fe^£JBWc3§ 

[0075] ^e/v^-fe^^fflv^fc^3fe^e^*5V>T, #3!^<^fb^«f2«* 
[0076] ^(D^^®^^M^b^5t^«^^®(D^b^7t«3S7nft:^^ 

, ^hB^<n-i8o°ci^T(Di&nxny^bm^^\ 

[0077] ^(D^^«^«M^§^^*it^Wi-^^^«o^bf*^«jS^#:^^ 
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[0078] ^^(Dmyt^TJ^i^ ±m^tzMm=^?Yv/v^^i/^m^. 
rx\ mz.&. ^mmmm^mm, ^mm^^-y\ &mm%mmz.mm*rz 

b*xh& 0 

[0079] Tfe/t, M^mm<D^4/i'mm<Dmmmt£b*kLxmmirz>z.bt> *smvbz>o * 
ftcw^tt, ^mMfDmyt^mxmmmm^mm^m^Mir^m^^mm^ 
, ztiZfamzAti, mmm^wMWRft^x^x^^r^mxwm^hw 
m<D y mm&mMvxmmmtftyom&mytz^ ^(Dum^h^xmmm^m 

[0080] *mM<Dmfcy^^ m^mRxim^mit^m^m^^ticx^, m&M 

mmmzm^-mm . ^mmx^-r^mm^m^mm-r^b^nrnx^o 

m^$)^&mir%m^&mmir%-b^mxfo% 0 
[oo8i] ^mm<Dm%mi\:^mm^mwi:mm^^Y^^^>^mAb^x%jm\z. 
m^bMo *mmz&\^x&7£<Dn^xm£ti%4k i ¥i%)m^ &m&iz&£^ 
^mx^^m^rnxm, wn. mmwm&=mmx&tt&\Hi®m^mm 
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[0082] ^mm^r^mmrnKx^mm-r^^ z.tih\zm&stiz>h<D~ett?£<, ±m 

•So 

[0083] (&]$Ml) 1, \-\£^(A-*y^Z/7^~;V)-2-^\s^y?xizfris^(D^$L 

1, l-tf^(4-^h^-^^3i^/V)^^^^(4. 8g, 20mmolh ^n^/V^(50. 5g 
, 200mmolh 50%zk^[^hy^7k2§*(16g, 200mmol) , ^ff^^vV^hy^ 

yn^l/^xx-^xx^^WCo M76% 0 gi^l73-175°C 0 
[0084] l-tf^(4-^h^r^^/V)-2, 2-v ? ^n^^n^°n/-?^(6. 2g N 1 

5mmol), 3— K^^(4. 4g, 30mmolh ^MTHFlOOmL^S^^i^Atb 
, mMU^t'o-7S°C\a^m^^hrv-y^M)^J^mw{llrn^ 18mmol)^ 
MTU -78°C-e6B#^«#b^i 0 ^a^ML^100mL(Z)7K^a£#\ ifrffc^W 

, 1, l-tf^(4-^h : 3r^^— /V)-2-^n^e-2-^^-/V^^n^°n^?^^r#fCo J&l^ 
82% 0 g*^97-104°C o 
[0085] %m?7^ \zMhtvfc.l, (4-^b^r^^^^/V) -2-^n^-- 2-^/Vv^ 

n^n/-?^(4. 3g, 12mmol) N ^Mv ? ^/^/^^^K(100mL)^rAn, 
^bf'o TJy^^-t-^h^Kd. 4g, 12mmol)^Px., ^^-e2B#^*#Lf' 0 10 

^^0fb(13))^#fc o iW95% 0 53j^31-32°C 0 'h NMR (200 MHz, CDC1 ) 8 

3 

1.81 (dd, J = 2.6, 2.0 Hz, 2 H), 3.77 (s, 6 H), 5.66 (t, J = 2.0 Hz, 1 H), 5.77 (d, J = 
2.6 Hz, 1 H), 6.81 (AA'BB', J = 8.0 Hz, 4 H), 7.20 (AA'BB', J = 8.0 Hz, 4 H) c 



MM 
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[0086] Mb9] 




(1 3) 



[0087] l-(2-^7^;V)-l-7^;V-2-^^l<'?u-7xis<l/(D&f& 

^MTHF^^^bf'^n^e^^Vdlg, 70mmol) £»#Uk^i^o<t9WiT 
h>-(8. 51g. 50mmol)^>o<<9WifTU ^^lB^aS^Uio $^>^2B#P^^P 
LT#^)^7ttft^^^^LjtS^7^^^#b, THFlOmL, 20%^t^^K^^50mL?r 

97j—^mMir%^bK£Vl-(2-^7^M-l-7^/u^ui/&^tc 0 i&*75 

% 0 'H-NMR (200 MHz, CDC1 , 8 ppm); 5.56 (s, 1H), 5.60 (s, 1H), 7.33-7.86 (m, 

3 

12H) 0 

[0088] ^LjS^7^=i^#fetb7bl-(2-^-7^/V)-l-^^/^^l/^(8. 64g, 37. 5m 
molK ll^V'^hy^WT^^^ (lOmg) , :/n^JvW»(28. 6g, 113m 

ft, mm-vi8mmwbftvfto ^mm-c^uz®. ^—T/^mmuto mm&m 

*u #^tL/-ft^^^^^p^h^^^-^^i-§i^-ei-(2-^-^^/k 

) -1-7^.-/1—2, 2-iy^n^y^xiy a n/<ly^Ut^o iW44% 0 *H-NMR (200 
MHz, CDC1 , 5 ppm); 2.55 (AA'BB', J=7.8 Hz, 1H), 2.62 (AA'BB', J=7.8 Hz, 

3 

lH),7.18-7.90 (m, 12H) Q 
[0089] %^7y7^\zMhWtz.\-{2--i-7^;V)-\-7^==./V-2, 2-V"7"n^s?xr7xi 
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/^(4. 02g, lOmmol), 3— Y*?>(2. 84g, 20mmol) N ^lTHF(35mL)^ 
AtU ^mm^f^o-78 0 ClC^m^hn-y^/VV^^m(7. 7mL, 12mm 

^°n/^^^#fc 0 J|3l^98% 0 'H-NMR (200 MHz, CDC1 , 8 ppm); 1.78-1.81 (m, 

3 

3H), 2.03-2.17 (m, 2H), 7.16-7.91 (m, 12H) G 
[0090] Xmyy^^V^J^-t-^Y^Yil. 55g, 13. 8mmol) % il&jtjivW/K*/^ 

dfv/K (35mL)£Atu S^g^bf' 0 z.z.\z.i-{2-^-y^-;v)-i-y^;v-2--^ 

v^-2-^/V^?tiy°vi/<^(3. 3g, 9. SmmoD^^M^^/^/^^r^-KdO 
mL) ^^^L7t^^^o<«9MTbfc 0 Sfi-C2B#^»#L, Tk^n^T^-^/V 

^-/V-2-^^-l/>-^n^ 0 n/^>-({b(14))^#7t 0 iW67% 0 'H-NMR (200 MHz, 
CDC1 , 8 ppm); 1.99 (s, 2H), 5.65 (s, 1H), 5.86 (s, 1H), 7.21-7.80 (m,12H) 0 

3 

[0091] Mb io] 



[0092] (^$c#!|3) \-y^}V-2,-^^l/i/7xi'7°xi^l/(D^$L 

^u^mmwMtu &&mitmm<7)^m^&}&&ft^±o 'h-nmr (200 

MHz, CDC1 , 5 ppm); 1.20 (m, 1H), 1.71 (m, 1H), 2.58 (m, 1H), 5.56 (s, 

3 

2H),7. 10-7.28 (m, 5H) C 
[0093] (-^/&{?!|4) l-^f;V-l-7x^-2-^fl/y^^n7n/^(7)M 




(1 4) 
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H-NMR (200 MHz, CDC1 , 8 ppm); 1.38-1.40 (m, 2H), 1.53 (s, 1H), 5.47 (s, 1H), 

3 

5.58 (s, lH),7.11-7.32 (m, 5H) C 
[0094] (-&)&im) l-(l-^-y^-/V)-l-^^/V-2-^U^iy^tiy°tiy<ly(D 

ff ofc 0 X H-NMR (200 MHz, CDC1 , 5 ppm); 2.01 (ddd, J = 8.8 Hz, J = 2.7 Hz, J = 

3 

2.7 Hz, 1H), 2.14 (ddd, J = 8.8Hz, J = 2.7 Hz, J = 2.7 Hz, 1H), 5.67 (br, 1H), 5.89 
(dd, J = 2.7 Hz, J = 2.7 Hz, 1H), 7.06-8.13 (m, 12H) G 
[0095] (-^££#!|6) l-7^^/V-l-(4-7^^/V7^^/]s)-2-^U^iy?V-7vs<^<D 

^fTofCo 'H-NMR (200 MHz, CDC1 , 8 ppm); 1.94 (dd, J = 2.4 Hz, J = 2.2 Hz, 

3 

2H), 5.63 (dd, J = 1.8 Hz, J = 1.8Hz, 1H), 5.84 (dd, J = 2.6 Hz, J = 2.4 Hz, 1H), 
7.26-7.59 (m, 14H) C 

[0096] (^/&{#|7) l-(4-y*tt7^/V)-l-7zc.~/V-2-^\/>^?Viy°Xi/<l/<D& 
$c 

Zrl)T?^-t-7*h3r^(6. 06g, 54mmol) <Dm%THF(65ml)¥&mt^/Vsfrtt 
M-^n^yy^x/ydl. 8g, 45mmol)<Dij&:I^THF (125ml) ?§^MTb 

[0097] nhntci-(4--^ti^^/v)-i-^^/^^u^m^\ &&Mibm&0>j? 

W;&Mmir&^b^l-(4-y*u^7^/u)-i-7^/u-2-^u^^?uy°u/<^ 

<D&j&&ftofCo 'H-NMR (200 MHz, CDC1 , 8 ppm); 1.84 (d, J = 13.6 Hz, 1H), 

3 

1.92 (d, J = 13.6 Hz, 1H), 5.6 (s, 1H),5.78 (s, 1H), 7.13 (d, J = 8.6 Hz, 2H), 
7.20_7.28 (m, 5H), 7.38 (d, J = 8.6 Hz, 2H) Q 

[0098] (&)&W8) l, l-\fM4-y;v^rny^^;v) -2-^u >^W7°u;<xdSj$ 1 

4, 4'-^7/v^n^yv^/^mmp§a^u &f$mtmm<Djf 
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fTofc 0 'H-NMR (200 MHz, CDC1 , 8 ppm); 1.85 (dd, J = 2.6 Hz, J = 2.0 Hz, 2H), 

3 

5.61 (dd, J = 2.1 Hz, J = 1.8 Hz.lH), 5.79 (dd, J = 2.6 Hz, J = 1.8 Hz, 1H), 
6.91-7.00 (m, 4H), 7.19-7.26 (m, 4H) Q 
[0099] (^$19) 1, l-V7^.=-/V-2-^U^y?xizfns<^(D&m 

-<^yy^/^mmwMtu trnm^m^mzn^tco 1 h-nmr 

(200 MHz, CDC1 , 5 ppm); 1.90 (dd, J = 2.7 Hz, J = 2.0 Hz, 2H), 5.60 (t, J = 2.0 

3 

Hz, 1H),5.80 (d, J = 2.7 Hz, 1H), 7.21-7.30 (m, 10H) o 
[0100] (^-Jftimo) l-(3, S-^Vi^y^/V)-!-^^ sV-2-^U^^?vi7°u/< 

^t^B^Cl^ 3, 5-hy^P^<^i?V(6. 3g, 20mmol), & 

^31— ^/V(150ml) %mzjz. 0 ^^-7S°CK^m\.^hn-^;VV^J^mm ( 
12. 5mU 20mmol)^MTL, -78 0 C-e2B#rHl^t#bfc 0 £ib^N, N-v^/VTi? 
hT5K(l. 92g, 22mmol)(D^;^— ^/V(15ml)^^^MTb7t 0 -78°Cd^# 

o 

[0101] ^n^e^<^if>(4. 98g, 32mmol)(D^;MTHF (15ml) ^^^^^(717 
mg. 30mmol)^^^*#H^T-e^y^ J r-/V^^ML/Co ^->3, 5-*S7 
n^T-feh7x/y(6. 30g. 23mmol)(Z)^;^THF(30ml)^feMTU> ^ISm 

LTto ^Sr^HS^^^^U h7V^^(i00ml)^p-h/V^^/V7^^^.i7K?P 
^(432mg, 2. 3mmol)^Dx., 150#rWf^jl^bfc o ^ffi^®^ 
i«9**Mb, l-(3, 5-^:/in^:7a^/k)-l-:7^-/V:^^>£#fc 0 W78% 0 
[0102] #^tv/cl-(3, S-^n^^/^-l-^^^/k^w^ffiv^-C, 

^ilcoSJ^^T5-i:"ei-(3, 5-l?y ? v^7^~/i<-)-l-7^.~/i/-2-^u>'i/? 

n^nyN^^-^^LfCo X H-NMR (200 MHz, CDC1 , 8 ppm); 1.84 (d, J = 9.2 Hz, 

3 

1H), 1.95 (d, J = 9.2 Hz, 1H), 5.64 (s, 1H), 5.82 (s, 1H), 7.23-7.31 (m, 7H), 7.49 
(s, 1H) 0 
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[0103] (-^c^tlll) l-(3, 5-v ? 7x^;W7x^;V)-l-7x^;V-2-yfuyV^n/n 

^§£#ia^CT\ l-(3, 5-^7n ; t7x=;P)-l-7x=;v-2-^fu>'v'^n7p 
/^(130mg. 0. 36mmol), 7m^/VyJfa^^(100mg, 0. 82mmol) . 7^3^* 

Y^^jv^y.-y^/^j'^MQO. 2m g , o. c^mmoihl^^y^Osemg, 

7. 2mmol),^h7^/VT^^^-«7^n^K(27. 8mg, 0. 089mmol) „ 'O'if 
^(7ml)*Dj;tJ?7K(7ml)^^7^^AtL, 75°C-e480#P B 1M#bfc o 

tX\ l-(3, 5-i/7^/V7^/V)-l-7^/U-2-^U^i/?uy°v/<^&j§fc 
o lW93% 0 ! H-NMR (200 MHz, CDC1 , 5 ppm); 1.97 (m, 2H), 5.65 (s, 1H), 5.88 

3 

(s, 1H), 7.21-7.65 (m, 18H) Q 
[0104] (-^$c$!|12) 1, 5-^(4-^h=ari/7m=/V)lf^a[3. 1. 0]^^C0^j^ 

^*^?DT, ^LjS^^^hy^^/V^/V^^^H— ^K(8. 08g, 20m 
molh jj6;liiTHF(60mL)£A^ 7>y7^-t-^>^K(2. 24g, 20mmol) ^Px. 

, 5-v ? (4-^h^riy^^/k)-l, 5-^0#i?^(6. 25g, 20mmol) (D^MTUF 
^(140mL)^^o<«9*Px.fc 0 12B#^*#Lf^, tR^JPx., x-r^iffiL 
fco ^i^P^h^^-^oTffiMU 1, 5-v ? (4-^h^r^^/V)-5-^=3r 
±>-l-^r>^Mfc 0 1R^56% 0 'H-NMR (200 MHz, CDC1 , 8 ppm); 1.89 (tt, J = 

3 

7.3, 7.3 Hz, 2H), 2.59 (t, J = 7.3 Hz, 2H), 2.92 (t, J = 7.3 Hz, 2H), 3.81 (s, 3H), 
3.86 (s, 3H), 5.00 (s, 1H), 5.25 (s, 1H), 6.87 (AA'XX', J = 6.5 Hz, 2H), 6.91 
(AA'XX', J = 8.8 Hz, 2H), 7.38 (AA'XX', J = 8.8 Hz, 2H), 7.89 (AA'XX', J = 6.5 
Hz, 2H) C 

[0105] 'M.mMMT ,y7^\^.l, 5-v ? (4-^hd f -^^/V)-5-^^-ir^-l-^(l. 5 
5g, 5mmolh /Kl5mL)^A*K 4-h^/VtR^yV(l. 02g, 5. 5mmol) 

(D^/-^(5m.L)mm^-m^\\K.tc 0 m&x5 0 mmwu ffmtfci&^i 

Lfc 0 ~<DffiM&^y->X£<m.frU 5-(4-hi//VtK7yV)-l, 5-(4-^h^> 
■7^^;V)-^^^-\-^^:W-C 0 $L^93% 0 J H-NMR (200 MHz, CDC1 , 5 
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ppm);1.54 (m, 2H), 2.39 (s, 3H), 2.50 (m, 4H), 3.80 (s, 3H), 3.84 (s, 3H), 4.98 (s, 
1H), 5.27 (s, 1H), 6.78 (AA'XX', J = 9.0 Hz, 2H), 6.89 (AA'XX', J = 8.8 Hz, 2H), 
7.26 (AA'XX', J = 8.4 Hz, 2H), 7.31 (AA'XX', J = 8.8 Hz, 2H), 7.45 (AA'XX', J = 
9.0 Hz, 2H), 7.79 (AA'XX', J = 8.4 Hz, 2H) C 
[0106] ^it^ftT, ^7*=^5-(4-hv-/VtK7yV)-l, 5-(4-^hdr^^/V)— <^ 
^^-1-^(476. 8mg, 1. Ommol), f^^b^l^lOmL^Mx, MJt, )K 
m^tetfhhV^/U^rtiyS^'^— Ty— MO. 14mL, 1. lmmoD^DX., 20^1 

vtco mm^m^u ^y^^h^yy^-tw^m^xwmir^txi, 5-> ? ( 

4-^h= 3 r^^/V)fV^ti[3. 1. 0] ^=2rif^£r#fc 0 l|X^40% o gl£92-93°C 0 
^-NMR (200 MHz, CDC1 , 5 ppm); 1.24-1.50 (m, 3 H), 1.79 (m, 1H), 2.052.37 

3 

(m, 4H), 3.72 (s, 6 H), 6.69 (d, J = 8.8 Hz, 4H), 6.98 (d, J = 8.8 Hz, 4H) G 
[0107] (MMMD CIDRPmz£%hy^^^l/%^^9i/%^<DmM CIDEP^ 

&mii, 541M, 1992, %m^m Kx^xn^>fc 0 ytmiz/^^?M±M^ 

E-109:2o £TJ*VW#— %h^*^tV*i!iSiJ^iggESP-380E^ V \ fi?#As 

^yti^—y o \z.^xmmm^mwi\^fc 0 -g-mrnxmci, i-\?M4-*h*~> 

7x^/V)-2-^fvy^nyn^y(50mM)©DMSO^tlC, $g$§kMb\.X7n 
(lOmM) &1)WzJi. 0 Z.<Dm&\^UX?^V>'440$:m V ^fcXeClW— if — (4 
41nm) ^mMl^^hCinKP^yb/^m\^tLt^^ 03^-T^^M^ 
#^fc Q :£itfc(H. Ikeda^ J. Am. Chem. Soc. 2003, 125, 9147-9157) b<DttW)*b 

[0108] (H»!l2) ESRKX^hV^^^^9^/^(DmW\ 

ESRJ*^h/KD$iJ^a3:, Zf/VU— |±M«^tV*P,iPJ^®ESP-380E^r 

50mM)©S{^fVy)§t[-^ ^^J£bTT^h^/^(50mM)^n;L7i o 
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88&5r20Kfc?fr*PU Quanta-RayttMYAGl/— if — GCR-14 (355nm) &MM 
Ikeda^, J. Am. Chem. Soc. 1998, 120, 5832-5833) k<DttMfrh, Wt^^Wy 

ummtcowim&ft^fcb^ ^(Dvv^y>^y\?7i?z>M^mzwMxibz> 

[0109] mMM3) hV^^^^^^y^^comm^^^h^m 
fc^mm., H7#, ^3feH\ 275H, 1992, %^0m) fcXoXftotio 

if— EX600, *^?Ysvmi£\^^y?ttWtk\ti^~us 
P-600§rfflV^c o -&)$mixm>tcl, l-\f^{A-^Y^yy^^)-2-^^>^n 

M) ^Px.fc Q ^(D^^^ta^?XeCllx— if — (308nm) %mM^t£&hmmMX 

[Olio] if— ^e/^^ir^cDliS!l 

1 -C#fc 1 , 1-tf ^ (4-p< h^r v^^/k) -2-^^1/^^^n^n/N^ ( 5mM 

o mW-^^X^M^^Y/^k^— UvW^yX— K$B>3fe3feStfHP8452A~e 

«^*«561nm-eS)o/Co 
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